Summary. Insulin response to glucose infusion was studied in 42 children with a normal intravenous glucose tolerance, 7-16 years of age. The majority of these children had at least one first degree relative with diabetes mellitus. Low and delayed insulin response similar to the one found in 15--20% of healthy adult subjects also occurred in 15--20 per cent of the children in this material. These findings support our previous suggestion that the low and delayed insulin response to glucose is probably genetically determined.
Introduction
On the basis of the findings in our previous studies we characterized prediabetes as a state where the insulin response to glucose infusion is of the type seen in overt and latent diabetes, i. e. sluggish and delayed, in spite of a normal glucose tolerance (Cerasi and Luft, 1963, 1967a, b, c) . Since the type of insulin response was identical within monozygotic twin pairs we suggested that this response was genetically determined (Cerasi and Luft, 1967 b) .
Our previous studies were performed on adult subjects. It was considered of importance to find out whether the sluggish and delayed insulin response was also present in children. For this purpose the insulin response to glucose infusion was studied in 42 healthy children, most of whom had a family history of diabetes.
Subjects and Methods
The material comprised 42 children, 19 boys and 23 girls, aged 7-16 years (Table 1) . In 29 of the children either one or both parents or one sibling had diabetes. Subjects nos. 5 and 16 were monozygotic twin brothers to diabetics.
Blood glucose was determined with a commercial glucose oxidase reagent (Kabi Reagent, Sweden). Glucose tolerance tests were performed, and the disappearance rate of glucose (k-value) calculated, according to Ikkos and Lnft (1957) . Plasma insulin was determined by the radioimmunological procedure of Hales and Randle (1963) .
The glucose infusion test (GIT) was performed as described previously (Cerasi and Luft, 1967a) . The priming dose of glucose was 500 mg per kg body weight, the infusion rate of glucose 20 mg per kg per minute.
The relationship between blood glucose and plasma insulin concentrations during GIT was calculated by analogue computation of the glucose and insulin curves. This relationship is characterized by the following parameters: kil a constant determining the amount of insulin released initially in proportion to the rise of blood glucose ki~ a constant determining the amount of insulin produced and released postinitially during GIT in relation to the glucose level b expressing the slope of plasma insulin increase due to glucose infusion kg a constant determining the effect of plasma insulin on glucose uptake For a detailed description of the mathematical basis of these parameters, see Cerasi (1967) . l~ig. 1 illustrates schematically the parts of the glucose and insulin curves influenced by the above parameters. These curves also represent an average of those oh- Fig. 1 . Representation of the analogue computer parameters of the glucose infusion test. Arrows denote the parts of the insulin curve influenced by the parameters. kg influences the total glucose curve. From Cerasi and Luft (1967a) rained in healthy subjects. The parameter values presented in this paper are logarithmic transformations. For the sake of brevity, kn is used instead of log ki, 10 8, kl~ instead of log ki2 10 ~ and kg instead of log kg.
Results

All children had normal k-values with a mean of 1.8•
The fasting blood glucose concentration was normal, and there was no glucosuria.
The computer parameter values are given in Table  1 . It follows that kit -measuring the initial insulin response -in seven subjects was equal to or lower than 1.8 which was previously chosen as the arbitrary lower border in normal adults (Cerasi and Luft, 1967a) .
In Fig. 2 , a to d, the distributions of the various computer parameters in this material are compared with the distributions found in adults (Cerasi and Luft, 1967a) . It is seen that the parameter values had a similar distribution in the groups of children and adult subjects. This similarity is stressed by the com- tolerance could be accompanied by marked differences in insulin response. The test in subject H. G. demonstrates an insulin response characteristic for diabetic and prediabetic adult subjects.
Discussion
We have previously focused attention on the possibility of a delayed and diminished insulin-releasing capacity of the beta-cells of the pancreas being primary event in the pathogencsis o% genetic digbetes (Cerasi and Luft, 1967e) . This has also been discussed by other authors (Jahnke et al., 1966; Colwell and Lein, 1967; Shima and Foa, 1967; Daweke et al. 1968) . The studies from which the hypothesis was derived were performed on adult subjects. The abnormal insulin response found in these adults could either have been present from infancy or have developed at some later stage as a consequence of other genetic factors.
Obviously newborns should be studied in this regard. However, it has been shown that the newborns of healthy mothers have a limited capacity to secrete insulin, which is corrected at about four weeks of age (Baird and Farquhar, 1962; Milner and Hales, 1965; Pedersen et al., 1966; Slone et al., 1966; Spellacy et al., 1967) . Therefore, newborns are unsuitable for such an investigation. For obvious practical reasons we have preferred to use the glucose infusion test in children of an older age group, 7-16 years.
The results obtained show clearly that decreased insulin response together with normal glucose tolerance does occur in children, at least from the age of seven years. This might support our suggestion that the low and delayed insulin response to glucose probably is an inherited factor. For a definite proof these studies should be extended to infants.
Although some of the children were siblings, the present material is far too small to allow any discussion on the mode of inheritance of the type of insulin response.
Subjects nos. 6 and 18 were monozygotic twin brothers of diabetics. No. 6 demonstrated the typical prediabetic type of insulin response. This is in accordance with our previous findings in adult monozygotie twin sibs of diabetics (Cerasi and Luft, 1967b) . The insulin response in subject no. 18 was completely normal. This might indicate -unless diabetes in the twin sib was not of genetic nature -that the type of insulin response to glucose infusion can be discordant in some identical twins.
One would expect apriori a higher occurrence of low insulin response in this material since a family history of diabetes occurred in the majority of instances. However, it should be remembered that we were unable to demonstrate any increase in the occurrence of diabetes in the families of adult subjects showing impaired insulin response to glucose (Cerasi and Luft, 1967d) .
The pertinent literature gives very limited information on the insulin response to glucose in children. Wolfe (1967) , measuring suppressible insulin by the fat pad method, found lower insulin response to an intravenous injection of glucose in children with latent diabetes than in a matched group of healthy children. The study of Poulsen et al. (1968) , where the insulin response to oral glucose was examined in obese children and non-obese controls, does not allow any conclusions relevant to the problem stated here. Weber et al. (1968) gave tolbutamide intravenously to obese and non-obese children. When looking through their findings in the control group at least three out of 15 seemed to have a low insulin response to the drug. These three children might be expected to have had a diminished insulin response even to glucose, since we were able to show, in adults, a parallelism between the insulin responses to tolbutamide and to glucose (Cerasi and Luft, 1967d) .
